Abstract. Polymorphisms located at microRNA (miRNA) binding sites may affect the expression of genes. The present study aimed to identify the association between an insertion/deletion (Ins/Del) polymorphism (rs3783553) in the 3'-untranslated region (3'-UTR) of interleukin-1α (IL-1A) and the risk for osteoarthritis (OA). Using a luciferase reporter system, IL-1A was identified in the present study as an effective target gene of miR-122 in synovial cells that were obtained from patients who had received a synovectomy. This finding was verified further by the observation that exogenous over-expression of miR-122 in the synovial cells significantly downregulated the expression of IL-1A in the cells with Ins/Ins and Ins/Del genotypes, but not in the cells with Del/Del genotypes. Patients with OA (n=931) and OA-free volunteers (n=952) were enrolled in the study. Compared with the Del/Del genotype, patients possessing the Ins/Del or Ins/Ins genotype were associated with a lower risk for OA [odds ratio (OR)=0.67, P=0.0051; OR=0.65, P=0.0031, respectively], and the association was even stronger in young subjects (<62 years) (OR=0.53; P<0.001). Additionally, it was found that genotype was associated with radiographic severity (OR= 0.72; P= 0.023). The synovial fluid (SF) concentrations of IL-1A and miR-122 were measured in 75 OA patients. While the miR-122 concentrations were found to be comparable between each genotype group, the SF concentration of IL-1A in the Del/Del group was significantly higher than in the Ins/Del and Ins/Ins genotype groups. Therefore, the present study identified that the Ins/Del polymorphism in the 3'-UTR of IL-1A may affect genetic expression and, to the best of our knowledge, is the first study to demonstrate that the minor allele (Del) is associated with an elevated risk for OA and disease severity.
Introduction
Osteoarthritis (OA) is a disabling and progressive disease that affects multiple joints. Patients with OA constitute a substantial medical, social and economic burden, therefore it is necessary to conduct investigations to clarify the etiological and predictive factors. There are two predominant types of OA; primary OA, which is characterized by its late onset, and secondary OA, which is differentiated from primary OA by its early onset with established reasons, such as developmental abnormalities and trauma. However, the causes for developing primary OA have not yet been fully elucidated. It is hypothesized that the risk of primary OA involves a variety of factors, including gender, age, behavior, obesity and ethnicity, as well as genetic factors (1, 2) . Results of linkage analysis and familial aggregation indicate that complex genetic inheritance is critical in the underlying pathogenesis of primary OA (3) (4) (5) (6) . The interleukin-1 (IL-1) gene cluster on chromosome 2 (nucleotide position, 113 531 492-113 891 593; 2q13-2q14.1) may serve as one of the genetic loci that confer risk. IL-1 is a multifunctional cytokine that predominantly impacts on inflammation and immunity. In addition, IL-1 acts as a regulator of the homeostatic status of the human body and is critical in the development of diseases (7, 8) . Indeed, IL-1 is a family of three associated proteins that are encoded by different genes. The family comprises two major agonistic cytokines, interleukin-1α (IL-1A) and interleukin-1β (IL-1B), as well as their endogenous receptor antagonist, interleukin-1 receptor (IL-1R). It has been shown that the potency of IL-1A, instead of IL-1B, in synovial fluid (SF) was positively correlated with the occurrence of OA and that joint tissues exposed to IL-1A in vitro were significantly damaged, which triggered the development of OA in a rabbit arthritis model (9, 10) . Evidence from numerous studies has indicated that the polymorphisms or haplotypes in the IL-1A gene were significantly associated with a risk for OA (11) (12) (13) .
MicroRNAs (miRNAs) represent an abundant class of short non-coding RNAs that act as post-transcriptional regulators.
To date, experiments have identified 600 human miRNAs, modulating more than one-third of cellular messenger RNAs (mRNAs) (14) . Increasing evidence has revealed that dysregulated expression patterns of miRNAs were associated with various diseases, including cancer, neurodegenerative and cardiovascular diseases, and viral infections (14, 15) . Binding of miRNA to mRNA is important in the regulation of mRNA stability, as well as translation efficiency. However, this binding may be compromised by the polymorphisms that are located within miRNA target sites, which may either abrogate existent binding sites or generate illegitimate binding sites (16) (17) (18) , and impact on the development of many diseases, such as various types of cancer (19) (20) (21) , Parkinson's disease (22) , and other disorders (23) (24) (25) . A previous study by Gao et al revealed that the binding of miR-122 and the regulation of IL-1A expression by the miRNA were significantly affected by a 2-thiothiazolidine-4-carboxylic acid (TTCA) insertion/deletion (Ins/Del) polymorphism (rs3783553) that was residing in the IL-1A 3'-untranslated region (UTR), which conferred a significantly increased risk for hepatocellular carcinoma in a Chinese population (26) .
Thus, the aim of the present study was to demonstrate the functional influence of the rs3783553 polymorphism on the interaction between miR-122 and IL-1A 3'-UTR. Furthermore, the investigation of a Chinese Han population was conducted to evaluate the association between the rs3783553 polymorphism and the risk for OA, as well as the level of IL-1A in the SF of OA patients.
Materials and methods

Subjects.
A total of 931 Chinese Han OA patients with clinically and radiologically confirmed diagnoses of OA were recruited to the Department of Orthopedics, at Zhongshan Hospital of Dalian University (Dalian, China). There were 317 females (34%) and 614 males (66%; average age, 63.2±12.9 years). Informed consent was obtained prior to the donation of blood for the purposes of research. The radiographic criteria for OA were as follows: A Kellgren-Lawrence (KL) grade >1 of at least one knee; and being aged >38 years. The clinical criteria followed the guidelines of the American College of Rheumatology (27, 28) in order to classify the type of OA, and the Western Ontario and McMaster Universities Osteoarthritis Index (29) was used to evaluate pain and joint stiffness, as well as physical function in the OA patients. Patients were excluded from the study as follows: If they had a history of corticosteroid use; if they had undergone a bilateral knee replacement; if they exhibited other types of arthritis, cancer or other chronic diseases beyond hypertension or hypercholesterolemia. The KL grade (0-4) was recorded after radiographs had been obtained; a KL score of 1 or 2 grouped the patient into 'mild OA' and a KL score of 3 or 4 grouped the patient into 'severe OA'. A total of 952 healthy individuals (37% female; mean age, 62.6±11.2 years) who exhibited no clinical manifestation of OA were assigned to the control group. Written consent was obtained from each participant, and the study was approved by the medical ethics committees of Dalian University.
Collection of tissues and cell culture. Sterile synovial tissues were obtained during therapeutic open joint surgery from patients who had undergone a synovectomy. The synovial tissue was obtained, digested and cultured according to a previously reported protocol (30) . Briefly, within 2 h after surgery, the sample was washed three times, and the superficial layer of synovium (~2 mm 3 ) was cut and placed in Dulbecco's modified Eagle's medium (DMEM; Gibco BRL, Eggenstein, Germany), supplemented with penicillin and streptomycin (Gibco BRL) per milliliter, and containing 4 mg/ml of clostridiopeptidase A (Sigma-Aldrich, St. Louis, MO, USA). The tissue fragments were sliced further with scissors and incubated for 5 h in 25 ml DMEM at 37˚C in a humidified atmosphere of 5% carbon dioxide. Subsequently, an equal volume of 0.05% trypsin and 0.02% EDTA in modified Puck's Saline A (Gibco-BRL) was added and incubation continued for another 2 h under the same conditions. The digested cells were centrifuged for 10 min at 400 x g at room temperature and the pellet (1-2 ml) was suspended in DMEM (20-40 ml) supplemented with 10% fetal bovine serum (Gibco-BRL). The cells were passaged after the treatment with trypsin, split 1:3 and plated in 6-cm polystyrene petri dishes at 5x10 5 cells per dish, containing 2 ml medium.
Extraction and genotyping of DNA. Genomic DNA was extracted using a DNA extraction kit (Sangong Biotech, Shanghai, China). A routine polymerase chain reaction (PCR) using a PTC-200 cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was performed to amplify the fragment containing the TTCA Ins/Del polymorphism, rs3783553, with the following primers: Forward, 5'-ATT GGT CCG ATC TTT GACTC-3' and reverse, 5'-TGA TAA CAG TGG TCT CATGG-3'. The PCR products underwent genotyping using a direct sequencing DNA sequencer 3730 (Applied Biosystems Life Technologies, Foster City, CA, USA).
Measurement of IL-1A in SF.
SF was obtained from 75 OA patients by either direct aspiration (n=52) or lavage (n=23) and the samples were analyzed blinded to the clinical information. The levels of cytokines (ng/ml) were determined by multiplex bead assay (Bio-Rad Laboratories, Inc.). The SF samples were spun down to remove cell debris, and divided into equal quantities and stored at 80˚C. The concentrations of IL-1A in the SF samples were determined by commercially available ELISA kits (MyBiosource LLC, San Diego, CA, USA) and the assays were performed according to the manufacturer's instructions.
Reverse transcription (RT) and quantitation of miR-122 in SF by real-time PCR (qPCR).
The method was conducted as previously described (31) . Briefly, mRNA was reverse transcribed into cDNA using a NCode VILO miRNA cDNA Synthesis kit (Invitrogen Life Technologies, Carlsbad, CA, USA), and qPCR was performed on an Applied Biosystems 7900HT Real-Time PCR system (Applied Biosystems Life Technologies) with standard plasmids. The preliminary qPCR products underwent TA cloning using a TA cloning kit (Invitrogen Life Technologies) and the sequences of the inserted nucleotides were verified. Plasmids with known copy numbers were subject to qPCR, and standard curves for each of the miRNAs were generated. Absolute copy numbers of the target miRNA in the SF samples were obtained according to the generated standard curves.
qPCR analysis of mRNA levels. Total RNA was isolated from the synovial cells (obtained from patients of different genotypes) with or without being transfected with miR-122 mimics using an Ambion RNA isolation kit (Ambion Life Technologies). This was subsequently converted to complementary DNA using an oligo (dT) 15 primer and SuperScript II Reverse Transcriptase (Invitrogen Life Technologies). TaqMan ® Gene Expression assays (Applied Biosystems Life Technologies) were conducted using an ABI 7900HT Real-Time PCR system (Applied Biosystems Life Technologies) to quantify the relative IL-1A and miR-122 expression in the samples. U6 (RNU6-6P RNA) served as the internal control. All reactions were run in triplicate to reduce confounding variance.
Western blot analysis. Equal quantities of cell lysates were loaded onto SDS-polyacrylamide gel for electrophoresis. The separated proteins were subsequently transferred onto a polyvinylidene difluoride (PVDF) membrane, followed by blocking at room temperature for 1 h with Tris-buffered saline and Tween-20 [10 mM Tris-Cl (pH 8.0), 150 mM NaCl and 0.05% Tween-20) containing 5% nonfat dry milk powder. The PVDF membrane was incubated with the rabbit anti-IL-1A polyclonal antibody (cat. no. AV54322; Sigma-Aldrich; dilution, 1:2,000) at 4˚C overnight, followed by incubation with horseradish peroxidase-conjugated anti-rabbit secondary antibody (cat. no. A0545; Sigma-Aldrich; dilution, 1:10,000) at room temperature for 2 h. The chemical fluorescence signal was detected using an enhanced chemiluminescence kit (GE Healthcare Life Sciences, Chalfont, UK) according to the manufacturer's instructions. A band of β-actin served to normalize the result of the target gene.
IL-1A 3'-UTR luciferase assay.
The full length of human IL-1A 3'-UTR containing the gene locus (rs3783553) was PCR amplified using the following primer sequence obtained from a genomic DNA sample that was isolated from a wild-type subject: Forward, 5'-GAT CTC TAG AGT CTG GAG TCT CAC TTG TCT CAC TTGTG-3' and reverse, 5'-CAT GGA TCC GTC AGA GAA TTT TGT TGC AAG CTT TAT TTAG-3'. The PCR product was cloned using a TA cloning kit (Invitrogen Life Technologies), and the accuracy of the insert was established by Sanger sequencing. Subsequently, a QuickChange XL Site-Directed Mutagenesis kit (Agilent Technologies, Inc., Santa Clara, CA, USA) was used to introduce another allele of rs3783553 using the following primer sequence to delete TTCA: Forward, 5'-TTA CCT GGG CAT TCT TGT ATT CCA CCT GCA ATC AAG-3'; and complementary reverse, 5'-CTT GAT TGC AGG TGG AAT ACA AGA ATG CCC AGGTA A-3'. Finally, the 3'-UTR of Renilla luciferase in the pRL-SV40 vector (Promega Corporation, Madison, WI, USA) was substituted with the generated wild-type and mutant 3'-UTR of IL-1A. A luciferase assay was performed in the human synovial cells as previously described (26) . Briefly, cells were seeded at 1x10 5 cells per well in 24-well plates. After 12 h, the cells were transfected using Lipofectamine 2000 (Invitrogen Life Technologies) according to the manufacturer's instructions. Each well comprised the wild-type or mutant construct (500 ng) and pGL3 control vector (50 ng) that were co-transfected with 100 pmol pre-miR-122 or the 22-nt oligonucleotide negative control (Ambion Life Technologies, Austin, TX, USA). Following transfection (duration, 24 h), the cells were harvested by the addition of a passive lysis buffer (Promega Corporation). Luciferase activity in the cell lysate was determined using the Dual-Luciferase Reporter assay system (Promega Corporation) in a TD-20/20 Luminometer (Turner Biosystems Inc., Sunnyvale, CA, USA).
Statistical analysis. Fisher's exact and χ 2 tests, as well as Student's t-test were used to compare the frequency distribution of age, gender, body mass index (BMI) and smoking status between the OA cases and control subjects. The Hardy-Weinberg equilibrium (HWE) of the genotype frequencies of the controls was assessed using the χ 2 test. The association between the rs3783553 polymorphism and OA risk was estimated by computing odds ratios (ORs), and their 95% confidence intervals (CIs) from unconditional logistic regression analysis with the adjustment for possible confounders. Student's t-test was used to evaluate the association between the rs3783553 genotype and SF concentration of miR122 and IL-1A. P<0.05 was considered to indicate a statistically significant difference, and all analyses were performed using IBM SPSS 19.0 software (Armonk, NY, USA).
Results
rs3783553 genotypes affect IL-1A expression by regulating the miR-122 binding in human synovial cells.
To investigate how the rs3783553 genotypes affect IL-1A expression, the 3'-UTR of a Renilla luciferase reporter gene was replaced with the full length IL-1A 3'-UTR containing either allele of the rs3783553 polymorphism. In transiently transfected human synovial cells, compared with the constructs containing TTCA Del alleles, luciferase activity from constructs containing the TTCA Ins allele was significantly lower in the presence of miR-122 ( Fig. 1A and B ; P<0.01). This result indicated that miR-122 binds to, and negatively regulates the transcription of, IL-1A and that this regulation is negatively influenced by the presence of the TTCA Ins allele, which is likely to affect the binding of miR-122 to the IL-1A transcript.
Exogenous expression of miR-122 suppresses the expression of IL-1A with Ins/Ins and Ins/Del genotypes, but not the Del/Del
genotype. The synovial tissues of each rs3783553 genotype were obtained from the patients who received a synovectomy, and the cells were digested, passaged and cultured prior to the functional analysis. The endogenous expression levels of miR-122 and IL-1A were determined in each cell group using RT-qPCR and western blot analysis, and the expression of miR-122 and IL-1A mRNA was found to be comparable between each group ( Fig. 1C and E) ; however, the IL-1A protein expression level in the Del/Del group was markedly higher than in the Ins/Ins and Ins/Del groups (Fig. 1D) . Additionally, hsa-miR-122 mimics were transfected into the synovial cells of each genotype, and the mRNA and protein expression levels of IL-1A in the synovial cells were examined again. This demonstrated that the protein level of IL-1A in the Del/Del group was not changed; however in the Ins/Ins and Ins/Del groups, the protein level was substantially lowered (Fig. 2A) and the mRNA expression level remained unchanged (Fig. 2B) .
Demographic characteristics. A total of 931 OA patients and 952 healthy control subjects were recruited; the demographic characteristics and OA radiographic severity are presented in 
Association of rs3783553 genotypes with the concentrations of IL-1A and miR-122 in SF.
Three different genotypic synovial fluid samples were used to further investigate the impacts of rs3783553 on the transcription of IL-1A: 25 Homozygous for the TTCA Del allele, 25 heterozygous and 25 homozygous for the TTCA Ins allele. Using an ELISA detection kit, the IL-1A level observed in the TTCA Ins homozygous group was identified to be comparable to the heterozygous group, and the two were found to be notably lower than that of the TTCA Del homozygous group (Fig. 2C) . To eliminate possible effects from miR-122, the concentration of miR-122 in SFs of the same 75 patients was measured, and no difference was identified between the IL-1A rs3783553 genotype groups (Fig. 2D) .
Association of rs3783553 genotypes with the risk for OA and its radiographic severity.
To analyze the association between the IL-1A rs3783553 polymorphism and the risk for OA in a Chinese Han population, 931 OA patients and 952 healthy individuals were determined for the allelic and genotypic frequencies of the IL-1A rs3783553 polymorphism. The rs3783553 polymorphism was in HWE and was assessed for correlation with the risk for OA and its radiographic severity. A significant association was noted between the IL-1A rs3783553 polymorphism rare allele (Del) and an increased risk for OA [following adjustment for multiple potential risk factors (Table II) ]. The frequency of the IL-1A rs3783553 polymorphism, Del allele was identified to be notably higher in the OA patients than in the control subjects (Table II) , which was demonstrated by an allelic frequency analysis, following adjustment for known risk factors. Additionally, a significant association between rs3783553 homozygote (Del/Del) and an increased OA severity was noted in the recessive genetic model, compared with its heterozygote and homozygote (Table II; OR=0.71, 95% CI=0.55-0.92, and P= 0.010). Due to the relatively large sample size, a stratified analysis by patient age, gender, BMI and smoking status was performed. It was noted that the association was even more marked in young subjects (<62 years) (Table III; OR=0.53; P<0.001).
Discussion
An important step toward the clinical application of this novel subclass of genetic variations in health management will be to improve understanding of distinct polymorphisms in miRNA-associated gene and protein expression regulation in a variety of diseases at the population level. In the present study, performance of a luciferase assay demonstrated that rs3783553 genotypes affect IL-1A expression by regulating the miR-122 binding in human synovial cells. Furthermore, the rs3783553 polymorphism was shown to be significantly associated with OA risk in a Chinese Han population (OR=0.71; P=0.010), and an even more marked association was noted in younger subjects (OR=0.45; P<0.001). Additionally, it was found that the genotype was associated with the radiographic severity in the same population (OR=0.72; P=0.023). Modulation of the immune system depends on the complex interaction within the cytokine network, where an optimal physiological environment must be maintained by the delicate modulation of the products of cytokine genes and their respective receptor genes. The IL-1 system is an effective example of the highly regulated mechanism, which is necessary for this to be achieved. An important signaling pathway in the inflammatory process, innate immunity and the immune response is IL-1 signaling via the IL-1 receptor type I (IL-1R) (32) . It has various effects, including the stimulation of fibroblasts, keratinocyte proliferation, cartilage breakdown, angiogenesis and incremental production of acute phase response proteins by the liver (32) . The activation of c-Jun N-terminal kinases and p38 mitogen-activated protein kinases and subsequent upregulation of the expression of genes via the transcription factors, nuclear factor-κ-light-chain-enhancer of activated B cells, activator protein-1 and CCAAT-enhancer-binding proteins, mediate these physiological effects at the molecular level (33) . It is hypothesized that the products of the IL-1 gene cluster are involved in various diseases, one of which is OA. IL-1 may stimulate chondrocytes to produce cartilage matrix degrading enzymes, thereby contributing to this loss. In support of this hypothesis, the specific cleavage of the aggrecan core protein at the Glu373-Ala374 bond was found to be strongly correlated with the release of aggrecan catabolites in response to IL-1 (34). The SFs of OA patients are known to possess fragments bearing this epitope (35) . Furthermore, compared with normal synovium, cells from OA synovium secrete more IL-1b (36, 37) , and similarly, chondrocytes from OA cartilage produce IL-1A and IL-1b that is quantitatively different from normal chondrocytes (38, 39) . Compared with similar explants from non-arthritic cartilage (40) , OA cartilage explants tend to be more susceptible to the effects of IL-1, and the expression of IL-1R and -2R on chondrocytes is relevant to this susceptibility (41) .
The risk allele is likely to be more prevalent during early tumor development, which creates an improved binding site for miR-122, and inhibits IL-1A expression and immune surveillance. Gao et al performed an in-silicon analysis, and predicted that miR-122 and miR-378 were binding tightly to IL-1A mRNA transcripts, which contain the TTCA Del allele and modulate IL-1A expression in a negative manner (26) . By contrast, binding with mRNA transcripts, which contain the TTCA Ins allele would be interrupted, causing upregulation of IL-1A expression. The luciferase assay, which compared IL-1A 3'-UTR with different rs3783553 genotypes was in support of this hypothesis, revealing the following relative transcription activities: Del/Del, 1.0; Del/Ins, 3.8; and Ins/Ins, 5.5 (17) . Consistently, the highest IL-1A mRNA level was detected in the TTCA Ins homozygous group, followed by the heterozygous and TTCA Del groups, as demonstrated by a TaqMan ® Gene Expression analysis of the tumor tissues of different rs3783553 genotypes from hepatocellular carcinoma patients. When compared with the TTCA Del homozygous group, the average IL-1A concentrations were 3.76-and 5.57-fold higher in the heterozygous and TTCA Ins homozygous Table III . Stratification analysis between the different genotypes of the rs3783553 polymorphism and the OA risk. groups, respectively, and the average IL-1A expression levels were 3.76-and 5.57-fold higher in the heterozygous and TTCA Ins homozygous groups, respectively. In the present study, a luciferase reporter system was used to establish IL-1A as an effective target gene of miR-122 in synovial cells that were obtained from patients who had received a synovectomy. This finding was further validated by the observation that exogenous over-expression of miR-122 in the synovial cells significantly downregulated the expression of IL-1A in the cells with Ins/Ins and Ins/Del genotypes, although this was not observed in the Del/Del group. Furthermore, the expression pattern of miR-122 and IL-1A in the synovial cells and SF of different genotypes was examined, and the miR-122 concentration was identified to be comparable among each group, although the IL-1A expression levels in the Ins/Ins and Ins/Del genotype groups were markedly lower than those of the Del/Del group in the synovial cells and the SF.
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In conclusion, the risk caused by a polymorphism in the IL-1A gene and a potential biological mechanism for an increased risk of OA have been identified in the present study via genetic association. Due to the high expression of miR-122 in human synovium, further studies are required to determine whether miR-122 and IL-1A may be applied to the diagnosis and treatment of OA.
